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FIG. 5. Fiducial model predictions for the GWB from BBHs, BNSs, and NSBHs, along with current and projected sensitivity
curves. In the left panel we show 90% credible bands for the GWB contributions from BNS and BBH mergers. Whereas
the BNS uncertainty band illustrates purely the statistical uncertainties in the BNS merger rate, the BBH uncertainty band
additionally includes systematic uncertainties in the binary mass distribution, as described in the main text. As no unambiguous
NSBH detections have been made, we only show an upper limit on the possible contribution from such systems. The right
panel compares the combined BBH and BNS energy density spectra, and 2� power-law integrated (PI) curves for O2, O3, and
projections for the HLV network at design sensitivity, and the A+ detectors. The solid blue line shows the median estimate
of ⌦BBH+BNS(f) as a function of frequency, while the shaded blue band illustrates 90% credible uncertainties. The dashed
line, meanwhile, marks our projected upper limit on the total GWB, including our upper limit on the contribution from NSBH
mergers.

contour can be excluded on the basis of a GWB non-
detection. Direct BBH detections, meanwhile, allow for
a measurement of �1, but are not expected to meaning-
fully constrain zpeak, which likely lies beyond the horizon
of Advanced LIGO and Virgo. The direct BBH detec-
tions in GWTC-1 only allowed for a weak upper limit on
�1: �1  13.7. The non-detection of the GWB in O2
therefore ruled out a considerable portion of otherwise
available parameter space. Improved measurements due
to GWTC-2, though, have revised estimates of �1 down-
wards to �1 = 1.3+2.1

�2.1 [75], and so present GWB searches
cannot further constrain its value. The results in Fig. 6
are therefore now dominated by direct BBH detections.

With continued data collection, however, the non-
detection (or eventual detection) of the GWB may again
o↵er informative constraints on �1 and zpeak. As addi-
tional direct BBH detections are made, our knowledge
of �1 will continue to improve, identifying an increas-
ingly narrow, nearly-vertical contour in the �1 � zpeak

plane. Continued time integration in searches for the
GWB, meanwhile, will exclude a growing fraction of this
plane, ruling out large values of both �1 and zpeak. In
Fig. 7, for example, we show projected exclusion con-
tours corresponding to one year of integration with Ad-
vanced LIGO and Virgo, at both their design sensitivity
and A+ configurations; both exclusion curves extend into
the presently allowed values of �1, where they may again
be informative and break the degeneracy between �1 and

zpeak.

VI. CONCLUSIONS

In this work, we have performed a search for an
isotropic GWB using data from Advanced LIGO’s and
Virgo’s first three observing runs. Since we did not find
evidence for a background of astrophysical origin, we
placed upper limits, improving previous bounds by about
a factor of 6.0 for a flat background.

We considered the implications of the results, and
by combining the upper limits with measurements from
GWTC-2 we have constrained the BBH merger rate as a
function of redshift. Our results can be used to constrain
additional models such as cosmic strings or phase tran-
sitions, using the cross correlation spectra we have made
publicly available [57]. Our results can also be combined
with other measurements of the GWB at other frequen-
cies [81].

Moving forward, we expect currently proposed ground-
based facilities such as A+ have the potential to probe a
large range of the model space for CBC backgrounds. In
order to make full use of the data and confidently claim
a detection, it will be important to further develop the
methods to handle correlated terrestrial noise sources,
such as the magnetic couplings described here.
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